Haloactinospora alba gen. nov., sp. nov., a halophilic filamentous actinomycete of the family Nocardiopsaceae The family Nocardiopsaceae was first described by Rainey et al. (1996) and currently comprises three genera, Nocardiopsis (Meyer, 1976), Thermobifida (Zhang et al., 1998) and Streptomonospora (Cui et al., 2001). With the exception of the genus Thermobifida, most strains of the family Nocardiopsaceae have been isolated from saline soils, and some of them are strictly halophilic filamentous actinomycetes. At present, the genus Nocardiopsis contains 24 species with validly published names, some of which have been isolated from hypersaline soils (Al-Tai & Ruan, 1994; Al-Zarban et al., 2002; Li et al., 2003a Li et al., , 2006 , and the genus Streptomonospora contains two species (Cui et al., 2001; Li et al., 2003b) , both of which are halophilic filamentous actinomycetes.
smooth surfaces. Spore chains with pseudosporangia at the end were borne on the substrate mycelium and most spores had wrinkled surfaces. Strain YIM 90648
T contained mesodiaminopimelic acid as the diagnostic diamino acid and galactose and ribose as the major wholecell components. The phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and phosphatidylinositol mannoside. MK-10(H 8 ), MK-11(H 4 ), ) and were the predominant menaquinones. The major fatty acids were i-C 16 : 0 and ai-C 17 : 0 . The DNA G+C content was 68 mol%. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain YIM 90648 T formed a distinct lineage within the family Nocardiopsaceae and showed 16S rRNA gene sequence similarity of 93.3-95.0 % with members of the family Nocardiopsaceae. On the basis of the polyphasic evidence, a novel genus and species, Haloactinospora alba gen. nov., sp. nov., is proposed to accommodate this isolate. The type strain of Haloactinospora alba is YIM 90648 T (5DSM 45015 T 5CCTCC AA 206008 T ).
The family Nocardiopsaceae was first described by Rainey et al. (1996) and currently comprises three genera, Nocardiopsis (Meyer, 1976) , Thermobifida (Zhang et al., 1998) and Streptomonospora (Cui et al., 2001) . With the exception of the genus Thermobifida, most strains of the family Nocardiopsaceae have been isolated from saline soils, and some of them are strictly halophilic filamentous actinomycetes. At present, the genus Nocardiopsis contains 24 species with validly published names, some of which have been isolated from hypersaline soils (Al-Tai & Ruan, 1994; Al-Zarban et al., 2002; Li et al., 2003a Li et al., , 2006 , and the genus Streptomonospora contains two species (Cui et al., 2001; Li et al., 2003b) , both of which are halophilic filamentous actinomycetes.
During a study on isolation methods for halophilic filamentous actinomycetes from hypersaline soils, more than 500 non-Nocardiopsis strains (determined by genusspecific primers as described by Salazar et al., 2002 ; data not shown) were isolated from Xinjiang Province, northwest China. In this paper, the description of a moderately halophilic actinomycete, strain YIM 90648 T , which was isolated from a salt lake sample after 3 weeks incubation at 37 u C on cellulose-casein-multisalts (representing a combination of NaCl, KCl and MgCl 2 ) medium, is reported. The composition of the multisalts medium was [(l distilled water)
Morphological characteristics of strain YIM 90648 T were observed by light microscopy (model BH2; Olympus) and scanning electron microscopy (JSM5600LV; JEOL) after 4 weeks growth on ISP 2 containing 15 % (w/v) NaCl. Cultural characteristics were determined after 3-4 weeks by methods used by the International Streptomyces Project (Shirling & Gottlieb, 1966) . All media were supplemented with 15 % (w/v) NaCl for growth and the colours of the substrate and aerial mycelia and any soluble pigments produced were determined by comparison with chips from the ISCC-NBS colour charts (Kelly, 1964) . Media and procedures used for determination of physiological features and carbon source utilization were those described by Smibert & Krieg (1981) and Williams et al. (1989) using basal medium supplemented with 15 % (w/v) NaCl. Growth was tested at 0, 4, 10, 15, 20, 28, 37, 45, 55 and 65 uC on ISP 4 containing 15 % (w/v) NaCl. For endurance experiments involving concentrations of NaCl between 0-30 % (at intervals of 1 %), ISP 4 was used as the basal medium. The pH range for growth was investigated between pH 4.0 and 10.0 at intervals of 1 pH unit using the buffer system described by Xu et al. (2005) .
Strain YIM 90648
T developed well on most media tested and detailed results are shown in the species description. The aerial and substrate mycelia were well developed, but not fragmented, on most media tested. The aerial mycelium formed long chains of spores at maturity that were straight and cylindrical in shape (0.4-0.661.0-1.2 mm) with smooth surfaces; they were non-motile (Fig. 1a) . Spore chains with pseudosporangia at the end were borne on the substrate mycelium and the spores had wrinkled surfaces (Fig. 1b, c) . The morphological characteristics of strain YIM 90648 T were distinctly different from those of members of the other three genera of the family Nocardiopsaceae, shown in detail in Table 1 . Growth occurred at 20-45 u C, pH 6.0-9.0 and in 9-21 % (w/v) NaCl. Good growth occurred at 37 u C and pH 7.0-8.0 with 15 % (w/v) NaCl. Detailed physiological properties of the strain are given in Table 1 and in the species description.
Diaminopimelic acid isomers and whole-cell sugars were analysed according to the procedures developed by Hasegawa et al. (1983) . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1984) . The polar lipids were separated by two-dimensional TLC on silica gel 60 plates (Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.) and the second was developed in chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Total lipid material and specific functional groups were detected using Dittmer and Lester reagent (phosphate), ninhydrin (free amino groups), Dragendorff reagent (quaternary nitrogen) and anisaldehyde-sulfuric acid (glycolipids). For analysis of fatty acids, strain YIM 90648 T was cultured on trypticase soy agar (Difco) containing 15 % NaCl at 37 u C for 1 week. The preparation and analysis of fatty acid methyl esters was performed as described by Sasser (1990) using the Microbial Identification System (MIDI). Menaquinones were isolated and purified according to Minnikin et al. (1984) . The purified menaquinones were dissolved in acetone and separated by atmospheric pressure photo-ionization-LC-MS. The chromatographic system consisted of an API QSTAR Pulsar I system and a column oven (ABI). A mixture of menaquinones (20 ml) was injected into the analytical column at 40 u C, equilibrated with 2-propanol/methanol (35 : 65, v/v) for 30 min and operated at a flow rate of 1000 ml min 21 (0-50 min, 2-propanol/methanol535-70 : 65-30, v/v; 50-55 min, 2-propanol/methanol570-35 : 30-65, v/v) for 60 min. Ionization conditions for atmospheric pressure photoionization were 1300 V and 450 u C.
The whole-cell hydrolysates of strain YIM 90648
T contained meso-diaminopimelic acid, galactose and ribose, with a minor amount of glucose. The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, phosphatidylinositol mannoside and some unidentified lipids (ninhydrin reagent-positive; Dittmer and Lester reagent-negative). Strain YIM 90648
T had a cellular fatty acid profile that contained predominantly branched fatty acids, with minor amounts of straight-chain and methyl fatty acids; it contained ai-C 15 : 0 (6.7 %), i-C 16 : 0 (23.8 %), ai-C 16 : 0 (1.2 %), i-C 16 : 0 (2.2 %), 10-methyl C 16 : 0 (1.7 %), i-C 17 : 0 (3.2 %), ai-C 17 : 0 (36.0 %), 10-methyl C 17 : 0 (3.7 %), i-C 18 : 0 (4.6 %), C 18 : 0 (3.5 %), tuberculostearic acid (10-methyl C 18 : 0 ) (4.9 %) and ai-C 19 : 0 (2.7 %). The major fatty acids were i-C 16 : 0 and ai-C 17 : 0 and, according to Kroppenstedt (1985) , this fatty acid pattern belongs to fatty acid type 3d. The predominant menaquinones were MK-10(H 8 ) (10.6 %), MK-11(H 4 ) (11.3 %), MK-11(H 6 ) (15.6 %) and MK-11(H 8 ) (15.0 %); the minor components MK-7(H 2 ) (1.1 %), MK-10 (4.1 %), MK-10(H 2 ) (3.1 %), MK-10(H 4 ) (6.2 %), MK-10(H 6 ) (8.1 %), MK-11(8.2 %), MK-11(H 2 ) (6.4 %), MK-12 (1.7 %), MK-12(H 2 ) (1.0 %), MK-12(H 4 ) (2.1 %) and MK-12(H 6 ) (2.6 %) were also detected. The chemotaxonomic data are also distinctly different from those of members of the other three genera of the family Nocardiopsaceae (Table 1) .
Genomic DNA for the determination of G+C content was prepared according to the method of Marmur (1961) . The G+C content of the DNA was determined by reversedphase HPLC of nucleosides according to Mesbah et al. (1989) . The DNA G+C content of strain YIM 90648 T was 68 mol%.
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were done as described by Li et al. (2007) . Multiple alignments with sequences of related taxa in the family Nocardiopsaceae were performed by using CLUSTAL_X (Thompson et al., 1997) . 16S rRNA gene sequence similarity values were calculated by using a web-based tool (http:// www.eztaxon.org; Chun et al., 2007) . Phylogenetic analyses were performed using three tree-making algorithms, the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods. A phylogenetic tree (Fig. 2) was constructed using the neighbour-joining method of Saitou & Nei (1987) from K nuc values (Kimura, 1980) using MEGA version 2.1 (Kumar et al., 2001) . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
The results of BLAST searches showed that strain YIM 90648 T had relatively high 16S rRNA gene sequence similarities (93.3-95.0 %) to members of the genera Thermobifida, Streptomonospora and Nocardiopsis of the family Nocardiopsaceae. In the phylogenetic tree based on the neighbour-joining algorithm, all type strains of species of the three genera and strain YIM 90648 T clustered in a distinct clade that was strongly supported by a high bootstrap value (99 %). This relationship was supported by all tree-making methods used in this study. Additionally, patterns of selected 16S rRNA gene signature nucleotides defined for the family Nocardiopsaceae (Stackebrandt et al., 1997) were consistent with nucleotides determined for the 16S rRNA gene sequence of strain YIM 90648 T except that C-A was determined at positions 658 : 748. All the above data confirmed that the novel isolate should be assigned to the family Nocardiopsaceae.
However, within the clade described above, strain YIM 90648 T formed a branch that was distinct from that containing species of Streptomonospora, Nocardiopsis and Thermobifida and it could not be affiliated to any known genus of the family Nocardiopsaceae. In addition, strain YIM 90648 T differed morphologically and chemotaxonomically from members of the other three genera of the family Nocardiopsaceae (Table 1) . Furthermore, distinctions could be made between strain YIM 90648 T and other members of the family Nocardiopsaceae in some signature sites (Table 2) . Thus, based on 16S rRNA gene sequence analysis, chemotaxonomic properties and the profile of metabolic properties, it is clear that strain YIM 90648 T represents a novel species in a new genus within the family Nocardiopsaceae, for which the name Haloactinospora alba gen. nov., sp. nov. is proposed.
Description of Haloactinospora gen. nov.
Haloactinospora (Ha9lo.ac.ti.no.spo9ra. Gr. n. hals, halos salt; Gr. n. actis, actinos a ray; Gr. n. spora a seed; N.L. fem. n. Haloactinospora salt-loving and spored ray, referring to a halophilic and spore-forming actinomycete).
Gram-positive, aerobic, moderately halophilic, filamentous actinomycetes. The aerial mycelium forms long chains of spores and spores are non-motile. The substrate mycelium forms spore chains with pseudosporangia at the end. Wholecell hydrolysates contain meso-diaminopimelic acid, galactose and ribose. The phospholipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and phosphatidylinositol mannoside. The predominant menaquinones are MK-10(H 8 ), MK-11(H 4 ), MK-11(H 6 ) and MK-11(H 8 ). The major fatty acids are i-C 16 : 0 and ai-C 17 : 0 . The type species is Haloactinospora alba.
Description of Haloactinospora alba sp. nov.
Haloactinospora alba (al9ba. L. fem. adj. alba white).
Displays the following properties in addition to those described for the genus. Growth is good on Czapek's agar, yeast extract-malt extract agar and potato agar, moderate on inorganic salts-starch agar, glycerol-asparagine agar and nutrient agar and poor on oatmeal agar. The colour of the aerial mycelium is white to yellow-white and the substrate mycelium is pale yellow to light yellow or deep yellow. No diffusible pigments are produced. The aerial and substrate mycelia are well developed, but not fragmented, on most media tested. Spores are straight and cylindrical with smooth surfaces. Tests for gelatin liquefaction, production of H 2 S and melanin, hydrolysis of cellulose and starch and urease production are negative, whereas tests for milk peptonization and coagulation are positive. pH 6-9 and 9-21 % (w/v) NaCl; good growth occurs at 37 u C, pH 7.0-8.0 and 15 % (w/v) NaCl.
The type strain is YIM 90648 T (5DSM 45015 T 5CCTCC AA 206008 T ), isolated from a salt lake in Xinjiang Province, north-west China. The G+C content of the genomic DNA of the type strain is 68 mol%.
Note added in proof
Since this article was accepted for publication, two additional taxa of the family Nocardiopsaceae have been described, Streptomonospora halophila (Cai et al., 2008) and Thermobifida halotolerans (Yang et al., 2008) . Table 2 . Selected 16S rRNA gene signature nucleotides detected among the various genera of the family Nocardiopsaceae 16S rRNA gene sequences of all type strains belonging to the family Nocardiopsaceae were included in this analysis. The signatures given below for each group were chosen for their presence in more than 95 % of the members of the respective genera. Table 2 . cont.
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